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ILLUSTRATIONS 


ABSTRACT 


This  report  discusses  further  the  concept  and  utility  of  the 
diffusion  length.  An  example  is  given  of  its  application  to  the 
solution  for  electric  field  strength  at  breakdown.  Close  to  break¬ 
down  threshold,  the  diffusion  length  varies  rapidly,  further  increas¬ 
ing  the  sensitivity  of  breakdown  to  pulse  length.  This  Is  illustrated 
in  terms  of  percent  "over-voltage". 
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LIST  01  ILLUSTRATIONS 


Figure  1 
Figure  2 
Figure  3 


Graphical  Solution  of  Non-uniform  Breakdown  Problem 
Diffusion  Length  in  Air  Filled  Rectangular  Waveguide 
The  Effect  of  Percent  Over-voltage  on  Pulse  Length 
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PURPOSE 


The  purpose  of  this  program  Is  to  study  the  various  effects 
in  waveguide  systems  which  lead  to  failures  at  ultra-high  power 
levels  where  high  average  as  well  as  high  peak  power  become  limit¬ 
ing  factors.  Ultimately  a  handbook  will  be  prepared  to  serve  as  a 
guide  for  system's  engineers.  To  achieve  the  objectives  of  the 
program  a  survey  is  being  made  of  organizations  using  ultra-high 
power;  further  analysis  and  theory  is  being  carried  out,  and 
experiments  are  being  performed. 
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In  the  previous  reports,  information  has  been  presented  for  the 
revised  handbook.  Une  addition  to  the  handbook  will  be  the  relation¬ 
ship  of  the  diffusion  length  to  breakdown  under  non-uniform  field 
conditions.  In  the  last  report  the  use  of  the  diffusion  length  was 
discussed . 

One  subject  of  the  present  report  is  that  of  obtaining  the  value 
of  the  electric  field  strength  to  pressure,  E/p,  when  \faveguide  di¬ 
mensions  and  pressure  are  given.  The  other  subject  of  this  report 
is  a  discussion  of  the  influence  of  the  non-uniformity  of  the  field 
on  breakdown  near  threshold  under  short  pulse  conditions.  The  dif¬ 
fusion  length  enters  through  its  relationship  to  the  non-uniformity 
of  the  field. 
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DETAILED  FACTDAL 


Component  Testing 


The  high  power  measurements  on  components  has  been  delayed  by 
the  lack  of  high  power  windows  required  to  isolate  the  component 
under  test.  Part  of  the  delay  was  also  due  to  the  need  to  shift 
the  experiment  to  S  band  frequencies.  Recently  we  have  obtained 
several  high  power  windows  and  expect  to  proceed  with  the  measure¬ 
ments. 

Diffusion  Lengths 

The  meaning  and  use  of  the  diffusion  length  was  briefly  dis¬ 
cussed  in  the  previous  progress  report.  In  one  type  of  problem 
discussed  the  ratio  of  electric  field  strength  to  pressure,  E/p,  is 
sought  when  the  waveguide  dimensions  and  press'ure  are  given.  Since 
the  diffusion  length  is  generally  a  function  of  the  unkno'^n  quantity 
E/p  (see  Figure  la)  there  is  no  direct  method  for  ascertaining  its 
value.  Therefore  as  a  first  approximation  the  value  of  diffusion 
length  is  assumed  to  be  that  corresponding  to  a  uniform  electron 
production  in  the  volume. 
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for  rectangular  waveguide. 


With  this  first  approximation  for  pA ,  a  value  for  E/p  is  obtained 
from  the  universal  breakdown  curve  (see  Figure  lb).  With  this  value 
of  E/p  a  new  value  of  A  is  obtained  from  Figure  la.  Now  use  this 
second  value  of  A  to  compute  pA  for  use  in  Figure  lb.  Thus  a  second 
value  is  obtained  for  E/p.  This  procedure  is  repeated  until  E/p 
converges  to  a  particular  value.  The  initial  value  of  E/p  corres¬ 
ponds  to  that  for  breakdown  under  uniform  field  conditions.  The 
final  value  of  E/p  is  generally  greater  and  accounts  for  the  non- 
uniformity  of  the  electric  field. 

The  diffusion  length  is  indicative  of  the  rate  of  loss  of  elec¬ 
trons  by  diffusion.^  ’Wnen  the  diffusion  length  is  small,  the  rate  of 
diffusion  is  generally  large.  Therefore,  the  smaller  the  diffusion 
length,  the  slower  is  the  rate  of  build  up  of  electron  density;  this 
means  a  longer  time  would  be  required  for  breakdown.  Under  short 
pulse  conditions  the  rate  of  electron  build  up  can  be  low  enough  so 
that  breakdown  will  not  occur.  Under  non-uniform  field  conditions, 
because  the  ionization  region  becomes  small  near  threshold  value  of 
E/p,  the  diffusion  length  also  becomes  small  near  threshold  (see 
Figure  2).  This  raises  the  value  of  E/p  required  for  breakdown  and 
may  be  referred  to  as  "diffusion  controlled"  threshold.  This  is 
illustrated  in  Figure  3  by  a  plot  of  percent  "over-voltage"  [the 
threshold  value  of  (E/p)  equals  31*5  for  alrj  for  breakdown  in  rec¬ 
tangular  waveguide  as  a  function  of  pm  with  pb  as  a  parameter.  It  is 
convenient  to  present  the  information  in  terms  of  the  normalized 
quantities  E/p,  pb,  and  pm.  The  effect  of  the  -uniformity  of  the  field 


is  also  shown  for  a  particular  value  of  pb.  The  breakdown  field  for 
the  non-uniform  case  is  seen  to  be  larger  than  the  uniform  case  (dashed 
curve  in  Figure  3)*  Under  pulsed  conditions  close  to  threshold,  the 
non-uniformity  is  seen  to  lead  to  a  larger  pulse  length  for  breakdown 
than  for  the  uniform  case.  The  variation  of  A  with  E/p  is  taken  into 
account  in  the  graph.  Close  to  threshold  or  close  to  "diffusion  con¬ 
trolled"  threshold  the  pulse  length  also  becomes  very  sensitive  tc 
amplitude  variations.  V/ith  reference  to  Figure  3)  'the  pulse  width 
for  breakdown  varies  rapidly  with  percent  over-voltage.  The  closer 
to  threshold,  the  more  rapid  is  the  variation. 

This  discussion  has  pointed  out  that  the  non-uniformity  in  elec¬ 
tric  field  in  a  waveguide  contributes  to  a  rapid  variation  in  the 
pulse  length  required  for  breakdown  near  threshold. 

Handbook  Preparation 

Additional  graphs  are  being  prepared  for  the  handbook  as  has  been 
described  in  the  earlier  reports. 
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CONCLUSIONS 

By  using  the  universal  breakdown  curve  and  a  knowledge  of  the 
diffusion  length  the  value  of  electric  field  strength  can  be  deter¬ 
mined.  However,  as  the  diffusion  length  is  not  known  exactly  for 
non-uniform  conditions,  a  method  of  successive  approximations  is 
necessary  for  obtaining  the  value  of  E/p. 

Under  pulsed  conditions  the  non-uniformity  in  electric  field  in 
a  waveguide  contributes  to  the  rapid  variation  in  pulse  length  re¬ 
quired  for  breakdown  near  threshold.  Thus  the  pulse  length  becomes 
larger  under  non-uniform  conditions  then  for  comparable  uniform  field 
cases . 
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PLMS  FOR  THE  NEXT  INTERVAL 

In  the  next  interval  final  cavity  measurements  over  a  wide  range 
of  pressures  should  be  completed  for  air,  SFg  and  Freon  12.  Also,  che 
testing  of  componencs  will  be  carried  out  in  S-band  instead  of  C-band. 
The  draft  for  the  handbook  will  be  prepared. 


(E/p.)  E/p 
a)  DIFFUSION  LENGTH  CURVE 


b)  UNIVERSAL  BREAKDOWN  CURVE 


FIGURE  I 

GRAPHICAL  SOLUTION  OF  NON-UNIFORM 
BREAKDOWN  PROBLEM 


(E/p)^-  VOLTS  /  cm  /mmHg 
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